We report a simple experiment that clearly demonstrates a common error in the explanation of the classic experiment where a small piece of paper is put over a book and the system is let to fall. This classic demonstration is used in introductory physics courses to show that after eliminating the friction force with the air, the piece of paper falls with acceleration g. To test if the paper falls behind the book in a nearly free fall motion or if it is dragged by the book, we designed a version of this experiment that includes a ball and a piece of paper over a book that is forced to fall using elastic cords. We recorded a video of our experiment using a high-speed video camera at 300 frames per second that shows that the book and the paper fall faster than the ball, which falls well behind the book with an acceleration approximately equal to g. Our experiment shows that the piece of paper is dragged behind the book and therefore the paper and book demonstration should not be used to show that all objects fall with acceleration g independently of their mass.
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Introduction
A typical and simple demonstration that is commonly shown to students in a first course of mechanics is to let fall simultaneously different objects, observing that all of them reach the floor at the same time. The discussion is centred on the question of why distinct objects fall together independently of their weight [1] . To convince students that the motion of an object under the force of gravity is independent of its mass it is necessary to include in the demonstration a very light object and a mechanism to diminish its friction force with the air. Probably the most typical examples are dropping a book with a piece of paper or a feather at rest over it, dropping a book side-by-side with a crumpled sheet of paper, and dropping a penny and a feather in a glass tube, first with air and then in a vacuum [2] [3] [4] [5] [6] . Letting to fall a crumpled sheet of paper is perhaps the simplest and correct way to show students that, after eliminating the friction force with the air, all objects fall with a constant acceleration. But as we will show below, the paper over a book experiment should not be used.
Galileo in his free fall experiments demonstrated that objects of different mass released together fall together. A free fall experiment was extremely difficult to perform in the times of Galileo because of the high velocities acquired by the falling objects in short time intervals. However, by using inclines and rudimentary ways to measure the time and position of the moving objects, Galileo was able to reach the correct conclusions in experiments where objects moved slowly with small but constant accelerations. Nowadays it is simple to perform a free fall experiment, and using a video of the motion it is possible to see the movement in slow motion and to measure the position and time coordinates in a simple way [7, 8] . In recent years some not very expensive and easy to use high speed cameras [9] appeared in the market, opening a way towards simple and intuitive tracking of coordinates of fast moving objects.
Years ago, when one of the authors (FV) was a student, his teacher in a first course of physics conducted the typical demonstration of dropping a coin and a small piece of paper first side by side and then with the paper placed over the coin. At that time the author conceived an alternative explanation where a force due to pressure differences could be involved in the experiment and realized the importance of performing an experiment to falsify the teacher's hypothesis. Today, the authors of this work are involved in the use of video [8, 10, 11] and inquiry-based guides [12, 13] to change the traditional way in which students learn basic physics at our university. We are creating a gallery of experiments (Galileo's gallery) [14] to allow our students to directly measure physical variables from a sequence of images obtained from videos of simple experiments. The experiments in the gallery are shown in web pages that include a free software alternative to track coordinates by clicking on the objects. Our group owns a Casio EX-F1 high-speed camera [9] and several experiments in our gallery have been recorded using it.
Recently, we attended a lecture where the experiment of dropping a feather and a book was shown as part of a series of science demonstrations. After the lecture, we decided to try to modify this experiment and use our high-speed camera to falsify the typical explanation. Our modified version of the experiment worked as we expected, showing that the typical book and paper experiment is fake.
Our forced faster than free fall experiment
We designed our experiment to force a book to move faster than a ball in free fall that is released simultaneously with the book. Our idea was to simultaneously release the book, a piece of paper put on the top cover of the book near its centre, and a ball positioned on top of the piece of paper. To force the book to move faster than free fall, we attached the ends of two elastic cords to a chair while keeping the central parts of the cords wrapped around the book. After stretching the cords by moving the ball-paper-book system upwards, the book was released in order to check if the paper moves ahead of the ball. Figure 1 shows the final stage of this experiment. This image belongs to a sequence of images obtained from a video of the experiment [15] , which are visualized in a web page that allows the user to click on the objects to obtain position and time coordinates [7] . The frame shown in this figure was selected because it shows the piece of paper behind the book, while the free falling ball that was released just above the piece of paper appears now very far from it. The slow motion video [15] shows that the book falls faster than free fall dragging the piece of paper also in a faster than free fall motion. This allows us to conclude that in the typical paper and book demonstration the paper falls in a nearly free fall motion because the book falls in a nearly free fall motion and drags the piece of paper. The dragging force has a big effect on the piece of paper or on the feather as a consequence of their small mass and large contact area, while it has little effect on the ball motion because of the bigger mass of the ball and its spherical shape with a small contact area.
Although the previous experiment is adequate to show that the typical explanation for the paper-book experiment is wrong, we built a modified version of this experiment (shown in figure 2) where the book was replaced by a rectangular metallic plate that is forced to fall using a spring. The ball was replaced by a heavier and smaller ball, and the experiment was recorded at 300 (frames per second) fps from a lateral perspective to get accurate measurements of coordinates of the falling bodies. The flickering in the images is caused by a difference in illumination between frames as a consequence of the 50 Hz in our illumination system. The video was converted to a sequence of images that are displayed in a web page that contains software that allows the user to track coordinates. When the user clicks on the object of interest on the screen, the coordinates of the cursor are stored and the next frame is displayed, so that the process can be repeated. Afterwards, pressing the 'ver datos' button displays a new window with the obtained data. The y coordinates were obtained by clicking on the ball and the upper part of the spring in the images. Using the ruler shown in the video, the y coordinates were converted from pixels to meters and since the images where obtained from a video recorded at 300 fps, the time was obtained by multiplying the frame number by 1/300. Figure 3 shows the obtained plots. After fitting second order polynomials, we obtained an acceleration of 9.6 m s −2 for the ball and a much larger acceleration of 34.9 m s −2 for the spring and since the spring does not separate from the metallic rectangle and the feather, this acceleration also corresponds to the motion of the feather. This big acceleration for the feather can only be explained by a downward force produced by pressure differences. We did not investigate in detail how this mechanism works because the purpose of this work is only to demonstrate the erroneous nature of the current typical explanation of this experiment and to prevent that it continues being used.
Conclusions
We have reported a simple experiment that shows that the typical book and paper experiment does not demonstrate that the piece of paper falls in free fall as a consequence of the elimination of the friction force by the book. What the experiment shows is that the piece of paper is forced to follow the motion of the book because it is dragged by a force originated in pressure differences. Our experiments can be viewed online in our Galileo's gallery [14-16], where it is also possible to view several other related experiments, as for example: a typical free fall experiment [17] , the Apollo 15 video where the astronaut David Scott lets a hammer and a feather fall towards the surface of the moon in the absence of friction [18] , our version of the paper cups experiment where a series of stacked paper cups and a ball are let to fall simultaneously [19] , and a video of a falling beam [20] where the end of the beam falls faster than free fall [21] .
